In this paper some results on group decision making under linguistic preferences and fuzzy linguistic quanti ers are presented. Assuming a set of individual linguistic preferences, representing the preferences of the particular individuals, we develop a solution method for the choice process. We de ne a linguistic ordered weighted averaging operator, and use it for deriving a collective linguistic preference where the weights are de ned using a fuzzy linguistic quanti er. Finally, we use the concept of nondominated alternatives for obtaning a set of maximal nondominated alternatives from the collective linguistic preference, that is, the solution to the decision process.
Introduction
Since human judgments including preferences are often vague, fuzzy logic plays an important role in decision making. Several authors have provided interesting results on group decision making or social choice theory with the help of fuzzy sets. They have proved that fuzzy sets provided a more exible framework for discussion group decision making 15, 8, 9, 11] .
In a fuzzy environment it is supposed there exists a nite set of alternatives X = fx 1 ; : : : ; x n g as well as a nite set of individuals N = f1; : : : ; mg, and each individual k 2 N provides his preference relation on X, i.e., P k XxX, and P k (x i ; x j ) denotes the degree of preference of alternative x i over x j , P k (x i ; x j ) 2 0; 1].
Sometimes, however, an individual could have a vague information about the preference degree of the alternative x i over x j and can not estimate his preference with an exact numerical value. Then a more realistic approach may be to use linguistic assessments instead of numerical values, that is, to suppose that the variables (preference relations) which participate in the problem are assessed by means of linguistic terms 5, 17, 2, 4, 6, 12] . A scale of certainty expressions (linguistically assessed) would be presented to the individual which could then use it to describe his degree of certainty in a preference.
Assuming a set of individual linguistic preferences, we present a solution method for the choice process. We de ne a collective linguistic ordered weighted averaging (LOWA) operator, and use it for deriving a collective linguistic preference where the weights are de ned using a fuzzy linguistic quanti er. Finally, we use de concept of nondominated alternatives for obtaning the set of maximal nondominated alternatives from the collective linguistic preference, that is, the solution to the decision process.
This model seems to be more human consistent with the social choice in an imprecise environment. The linguistic decision process can be summarized in the gure 1.
In order to develop the linguistic decision process, the paper is organized as follows. Next section describes the linguistic approach. Section 3 presents the use of linguistic preference relations in group decision making and the linguistic choice process. Section 4 presents an example of proposed linguistic choice process. Finally some conclusions are pointed out. The linguistic approach considers the variables which participate in the problem assessed by means of linguistic terms instead of numerical values, 18]. This approach is appropriate for a lot of problems, since it allows a representation of the experts information in a more direct and adequate form whether they are unable of expressing that with precision.
A linguistic variable di ers from a numerical variable in that its values are not number s, they are words or sentences in a natural or arti cial language. Since words, in general, are less precise that numbers, the concept of a linguistic variable serves the purpose of providing a means of approximated characterization of phenomena which are too complex or too ill-de ned to be amenable to description in conventional quantitative terms.
A linguistic variable is associated with two rules: 1. a syntactic rule, which may take the form of a grammar for generating the names of the values of the variable, and 2. a semantic rule, which de nes an algorithmic procedure for computing the meaning of each value. We need a term set de ning the uncertainty granularity, i.e. the nest level of distinction among di erent quanti cations of uncertainty. The elements of the term set will determine the granularity of the uncertainty. In 1] was studied the use of term sets with odd cardinal, representing the middle term a probability of "approximately 0.5", being the rest terms placed symmetrically around it and the limit of granularity 11 or no more than 13.
The semantic of the elements of the term set is given by fuzzy numbers de ned on the 0,1] interval, which are described by membership functions. Provided that the linguistic assessments are just approximate ones given by the experts or decision-makers, we can consider that linear trapezoidal membership functions are good enough to capture the vagueness of those linguistic assessments, since to obtain more accurate values may be impossible or unnecessary.
For instance the gure 2 shows an hierarchical structure of linguistic values or labels. As it is clear, the level 1 provides a granularity containing three elements, the level 2 a granularity with nine elements, and di erent granularity levels could be presented. In fact, in this gure the level 4 presents the nest granularity in a decision process, the numerical values. As it is obvious this term set veri es each of the above properties.
Combination of linguistic values
Since aggregation of uncertainty information is a recurrent need in the decision process, combinations of linguistic values are needed. Two main di erent approaches can be found in order to aggregate and compare linguistic values: The rst acts by direct computation on labels 3], and the second uses the associated membership functions. Most of the available techniques belong to the later. However, the nal results of those methods are fuzzy sets which do not correspond to any label in the original term set. If one wants nally to have a label, then a "linguistic approximation" is needed 18, 19, 1, 5] . There are neither a general criteria to evaluate the goodness of an approximation nor a general method for associating a label to a fuzzy set, so that speci c problems may require to develop taylored methods.
In the following, we present an aggregation operator of linguistic labels by direct computation on labels, based on both the ordered weighted averaging (OWA) ii) i w i = 1; and F(a 1 ; : : :; a n ) = w 1 b 1 + w 2 b 2 + : : : + w n b n where b i is the i-th largest element in the collection a 1 ; : : :; a n . Denoting B as the vector consisting of the arguments of F put in descending order, F(a 1 ; : : :; a n ) = W B T provides an aggregation type operator that always lies between the "and" and the "or" aggregation. Its properties are presented in 16] .
This operator can be extended to linguistic arguments, using the convex combination of 
Linguistic preference relations in group decision
Suppose we have a set of n alternatives X = fx 1 ; : : : ; x n g and a set of individuals N = f1; : : : ; mg. Each individual k 2 N provides a preference relation linguistically assessed into the term set S, P k : XxX ! S; where P k (x i ; x j ) = p k ij 2 S represents the linguistically assessed preference degree of the alternative x i over x j . We assume that P k is reciprocal in the sense, p k ij = Neg(p k ji ), and by de nition p k ii = None (the minimum label in S).
As it is known, basically two approaches may be considered. A direct approach fP 1 ; : : : ; P m g ! solution according to which, on the basis of the individual preference relations, a solution is derived, and an indirect approach fP 1 ; : : : ; P m g ! P ! solution providing the solution on the basis of a collective preference relation, P, which is a preference relation of the group of individuals as a whole.
Here we consider the indirect derivation, and hence we have two issues to study: First, to derive P from fP 1 ; : : :; P m g, and second, to obtain the solution from P.
3:1: The collective linguistic preference relation For the rst question it is necessary to aggregate the linguistic preference relations, to obtain p ij 2 S from fp 1 ij ; : : : ; p m ij g for all i; j. We discuss this using the concept of fuzzy majority. Fuzzy linguistic quanti ers have provided tools to formally deal with fuzzy majority and can be used to de ne a weight vector. We then use the LOWA operator to obtaini the collective preference relation P as P = F(P 1 ; : : :; P m ) with p ij = F(p 1 ij ; : : :; p m ij ) with the weight vector, W, representing the fuzzy majority over the individuals.
The fuzzy linguistic quanti ers were introduced by Zadeh, 20] . Linguistic quanti ers are typi ed by terms such as most, at least half, all, as many as possible. A quanti er Q assumed to be a fuzzy set in 0,1]. Zadeh distinguished between two types of quanti ers, absolute and proportional or relative.
An Next, we propose a method to derive a solution on the basis of the collective preference relation, method based on the concept of non-dominated alternatives 14].
Let P s be a linguistic strict preference relation P s (x i ; x j ) = p s ij such that, The linguistic degree of nondominance of x i is de ned as
where the value ND (x i ) is to be meant as a linguistic degree to which the alternative x i is dominate by no one of the elements in X. Finally, a set of maximal nondominated alternatives, X ND X, is obtained as:
Therefore aggregating the knowledge of the experts, X ND is selected as the set of preferred alternatives in our choice process.
Example
Consider the above linguistic term set S, and suppose a set of four alternatives X = fx 1 ; x 2 ; x 3 ; x 4 g, and a set of four individuals, whose linguistic preference relations using S are: 
Conclusion
We have presented a linguistic decision process in group decision making based on an indirect approach, deriving a collective linguistic preference by means of a LOWA operator with a fuzzy linguistic quanti er as a tool to deal with fuzzy majority, obtaining a set of maximal nondominated alternatives based on the nondominated alternative concept.
